Biliary complication (Bc) is still regarded as the achilles' heel of a living donor liver transplantation (lDlt). this study aims to evaluate the longterm outcomes of the duct-to-duct (DD) biliary reconstruction using 7-0 suture and to identify the risk factors of Bcs after lDlts. Data of 140 lDlts between 2006 and 2015 were analyzed. all biliary reconstructions were performed as DD anastomoses using 7-0 suture: 102 for the right lobe, 20 for the left lobe, and 18 for right posterior sector grafts. Bc was defined as a bile leakage (Bl) or a biliary stricture (BS), and the median follow-up time after lDlt was 65 months. a total of 19 recipients (13.5%) developed Bcs (8 Bls and 16 BSs) after lDlt. the survival rates between recipients with and without Bcs were 83% and 86.7%, respectively (P = 0.88). in univariate analyses, the risk factors for Bc were small diameter of the graft's bile duct, long warm ischemic time, small graft-to-recipient weight ratio, and no use of external biliary stent (eBS). the graft's bile duct diameter ≤ 3 mm and no use of eBS were determined as independent risk factors (hazard ratios of 9.74 and 7.68, respectively) in multivariate analyses. the 116 recipients with eBS had no Bl, 11 had BSs (9%), while 24 without eBS had 8 Bls (33%) and 5 BSs (21%). after a propensity score match between the recipients with and without eBS, the eBS group (24) developed only 1 BS (4%). in conclusion, DD anastomosis using 7-0 suture combined with eBS could provide favorable longterm outcomes after lDlt, which should thus be considered the surgical technique of choice for lDlts.
A living donor liver transplantation (LDLT) still represents the majority of all liver transplantations in East Asian countries such as South Korea, Japan, and Taiwan, which have a great shortage of deceased donor organs. For the last decade, the innovation of surgical procedures and perioperative managements of living donors and recipients have made LDLT a worldwide popular procedure and a major treatment modality, such as for end-stage liver disease, hepatocellular carcinoma (HCC), and acute liver failure. Despite widespread dissemination of the method, biliary complications (BCs) are considered the technical "Achilles' heel" of LDLT, due to their high incidence and the potential risk of graft failure, requiring longterm interventional management. (1, 2) In LDLT, a duct-to-duct (DD) anastomosis has been the standard procedure, due to its characteristics of physioanatomical reconstruction, technical easiness, and uncompromised outcomes, comparable to a Roux-Y hepaticojejunostomy. A detailed DD anastomosis should be performed with tension-free preparation of the recipient's and the graft's bile duct with a well-preserved pericholedochal vasculature to reduce posttransplant BC occurrences. A bile leakage (BL) and a biliary stricture (BS) at the anastomosis site are the most common types of BC after LDLT. These may be the result
Original article | 1051 of bile duct devascularization during a hilar dissection, a bile duct injury by failure to recognize a biliary anatomy, or a challenging anastomosis of small and/or multiple ducts. An ischemic-type biliary lesion, the most serious BC after liver transplantation, is characterized by multiple strictures and dilatations of the intrahepatic biliary tree, but it seldom occurs, except in the case of an ABOincompatible LDLT or early hepatic artery thrombosis after transplantation. (3) (4) (5) Causes of a cholestatic BC after DD anastomosis in liver transplantations could be a cystic duct mucocele, a sphincter of Oddi dysfunction, a remnant cholelithiasis, or haemobilia. (6, 7) A BC is one of the recipient's major morbidity causes after LDLT and the incidence of BCs has been reported to range from 10% to 50%, involving various risk factors associated with factors such as an anomalous biliary anatomy, a long ischemic time, and the type of immunosuppressant used. (8) (9) (10) (11) However, many prior studies have the general limitations of a short-term follow-up as well as the lack of consistent and elaborated surgical procedures. We previously reported that the preliminary outcomes of a DD anastomosis using a 7-0 suture could significantly reduce the incidence of BCs after LDLTs, compared with a conventional 6-0 suture. (12) Since then, we have exclusively performed the DD anastomosis with a nonabsorbable polypropylene monofilament (prolene) 7-0 suture in LDLTs. In this study, we evaluated the longterm outcomes of a DD biliary reconstruction using a 7-0 suture in LDLTs by the analysis of our transplant database. Also, we identified risk factors of BCs that aid in the development of measures to prevent a BC after a LDLT.
Patients and Methods
Between November 2006 and December 2015, a total of 201 LDLTs were performed in a tertiary hospital.
Among them, 61 potential subjects were excluded from this study due to the following reasons: an ABOincompatible LDLT in 35, Roux-Y hepaticojejunostomy in 12, in-hospital mortality after transplantation in 10, as well as pediatric LDLT in and hepatic artery thrombosis in 2 each. The 10 in-hospital mortalities were caused by bacterial or fungal pneumonia (n = 7), small-for-size graft syndrome (n = 1), acute myocardial infarction (n = 1), and cerebrovascular accidents (n = 1). We analyzed the clinical data of the remaining 140 adult LDLT recipients who underwent DD biliary reconstructions. The clinical data used for this study were composed of 25 peritransplant variables including the demographics, measurements, procedures, and outcomes of the patients and the grafts.
Among the 140 LDLTs, 102 were performed with right lobe (RL) grafts, 20 at the left lobe (LL), and 18 at the right posterior sector (RPS). The median follow-up period for the recipients in this study was 65 months (11-130 months) . This study was approved by the institutional review board of Ajou University Hospital (MED-MDB-17-095).
prEpArATiON OF THE GrAFT'S AND rECipiENT'S BiLE DUCT
Standard surgical techniques for the grafts' and the recipients' duct preparation have been described. 12, 13 After cholecystectomy, an intraoperative cholangiogram was routinely performed through the cystic duct to identify the bile duct anatomy. After transection of the liver parenchyma, the intraoperative cholangiogram was performed again with placing radiopaque markers on the hilar plate to determine the bile duct's division site. No electrocautery was performed for the dissection of peribiliary soft tissue. The graft's bile duct was divided with sharp scissors and transected 3 mm distal to the graft's duct origin to prevent stricture of the donor's remnant bile duct. The visible arterial bleedings from the tissue around the cut end of the bile duct were regarded as a positive sign for the vascularized graft's duct preparation.
The harvested grafts were stored in a histidinetryptophan-ketoglutarate solution at ice-water temperature. On the back table, the graft's portal vein, the hepatic artery, and the bile duct were irrigated with the preservation solution and their diameter and number were measured. In case of a graft with multiple duct openings, if possible, a ductoplasty was performed for closely located bile ducts to unify them with 7-0 prolene. When a graft had distantly separated multiple duct openings, the ductoplasty was not performed to avoid excessive tension among the ducts.
During total hepatectomy of the recipient, the bile ducts were prepared by a technique with an en bloc dissection of pericholedochal soft tissue to preserve the "3 o'clock" and "9 o' clock" arteries. For the preparation of the recipient's bile duct, the bundle of soft tissue including the bile duct and the peribiliary vascular plexus was separated from the portal vein and the soft tissue was then transected above the hilar bifurcation with sharp scissors. Arterial bleedings from the cut end of the soft tissue were regarded as a good sign for the vascularized preparation of the recipient's bile duct. When the arterial bleeding from the cut end of the bile duct was poor, the biliary reconstruction was performed by Roux-Y hepaticojejunostomy.
DD ANASTOMOSiS
The biliary reconstruction was performed after completion of the vascular anastomosis. The DD anastomosis was performed under a 2.5× or 3.3× surgical loupe. The recipient's common hepatic duct was usually used for the single bile duct anastomosis. The patient's right and left hepatic ducts were separately anastomosed when 2 DD anastomoses were needed. After preparing the appropriate length of the recipient's bile duct, its lumen was irrigated with pressurized saline to wash out retained stones or sludge. Both 3 o'clock and 9 o'clock corners of the graft's and recipient's bile duct opening were suture-anchored by double-arm needle 7-0 prolene. Then the 3 o'clock corner suture was tied, and the posterior wall of the bile ducts was sutured continuously from a 3 o'clock to a 9 o'clock direction. The suture was performed in the manner of a duct-to-mucosa anastomosis, which was conducted as transductal stitches on the graft's duct and transmucosal stitches on the everted recipient's duct. (12, 14) After completion of the posterior wall suture, the bile ducts' anterior walls were sutured in the same manner as the posterior wall anastomosis using the other needle, from the 3 o'clock to 9 o'clock direction. The distance between each stitch was about 0.5 to 0.7 mm.
If the indwelling of the external biliary stent (EBS) was intended, a 4-French sized polyethylene catheter (1.3 mm inner diameter) was used. Prior to DD anastomosis, a 7-inch Mixter forceps was inserted in the recipient's bile duct lumen and the tip was forced to protrude the anterior wall of the recipient's bile duct, right above the pancreas. A hole was made by electrocautery energy on the tip of the forceps, and an EBS catheter was grasped by the forceps and pulled through the hole. After the completion of posterior wall suture of DD anastomosis, the EBS catheter traversed the DD anastomosis upward. Then the inserting hole for the EBS was tightly purse-string sutured and the EBS itself was anchored with a 5-0 absorbable monofilament (Maxon), in order to prevent bile leakage through the EBS insertion site before the anterior wall suture of DD anastomosis. The external end of the EBS was pulled out through the abdominal wall and suture-anchored on the skin with a 3-0 black silk suture. The EBS was opened to drain bile for 2 weeks after the LDLT, then clamped, and removed 6 months after the procedure in an outpatient clinic.
DiAGNOSiS AND TrEATMENT OF BCS
The diagnosis of a BC after a LDLT was based on clinical and/or radiological findings. A BL was determined when a patient showed a bile-stained abdominal drainage or a biloma on posttransplant computed tomography. When the bile-stained drainage continued for more than 1 week or when a biloma was found on a computed tomography scan, the BL was treated by endoscopic retrograde biliary drainage or percutaneous drainage. A BS was suspected when the recipients showed an elevated level of serum bilirubin, gamma-glutamyl transpeptidase, or alkaline phosphatase, diagnosed by computed tomography with findings of intrahepatic duct dilatations, and treated by percutaneous transhepatic biliary drainage (PTBD) with monthly sequential dilatation of the stricture site until complete resolution.
riSK FACTOrS OF BCs AND THE iMpACT OF THE EBS
Risk factors of the BLs and BSs were determined by univariate analyses comparing the recipients with and without complications after LDLTs. A multivariate analysis was performed to determine independent risk factors of BCs after a DD anastomosis in LDLTs.
The impact of an EBS on BCs after DD anastomosis was evaluated by comparing the outcomes of the recipients with and without an EBS. To minimize the selection bias in using an EBS and to avoid confounding differences regarding the EBS outcome, we compared
Original article | 1053 not only the complete cohorts but also subgroups after a propensity score match (PSM). The variables entered in the propensity model were donor-recipient demographics (age and gender, ABO-identical/compatible), the recipients' background information (hepatitis B virus [HBV] positivity, the Model for End-Stage Liver Disease (MELD) score, salvage liver transplantation), the graft size and quality (the graft-recipients weight ratio [GRWR], the actual graft weight, the diameter and number of bile duct openings, and a graft's steatosis >10%), intraoperative findings (ductoplasty, number of DD anastomoses, cold ischemic time, warm ischemic time, hepatic artery perfusion time, total operation time, amount of packed-RBC transfusion), and postoperative outcomes (posttransplant intraabdominal hemorrhage, incidence of acute cellular rejection, follow-up periods).
STATiSTiCAL ANALYSiS
Statistical analyses were performed with the chi-square or Student's t test using the Statistical Package for the Social Sciences (SPSS) 19.0 (SPSS Inc., Chicago, IL). Multivariate analyses were conducted with logistic regression models using the stepwise forward selection for each of the relevant BC risk factors of a BC. The Kaplan-Meier analysis method was used to calculate the recipients' overall survival and BC-free survival. Group differences in the survival rates were determined by the log-rank test. A P value <0.05 was considered a statistically significant difference.
The PSM was performed using a 1:1 ratio without replacement employing the software R v.2.15 (R Foundation for Statistical Computing, Vienna, Austria). The resulting subsets of the score-matched recipients with and without an EBS were used in subsequent analyses.
results
The characteristics of 140 recipients, donors, and their grafts in this study are described in Table 1 . All living donors recovered without serious complication and were discharged with normal liver functioning. The reasons of LDLTs for the 140 recipients were related to HBV in 100, alcoholic liver disease in 25, hepatitis C virus (HCV) in 5, acute liver failure in 5, cryptogenic liver cirrhosis (LC) in 3, and Budd-Chiari syndrome in 2 patients. A total of 78 out of the 140 recipients were diagnosed with HCC, and 23 underwent hepatic resection for HCC prior to the LDLT (salvage LDLT). The MELD score of the recipients had a median of 12 (6-40) and a Child-Pugh score of 7 (5-15). The follow-up time's median of the 140 recipients after LDLTs was 65 months (11-130 months). The 5-year and overall survival rates were 91.2% and 85.8%, respectively (Fig. 1A) . Among them, 14 patients died during the follow-up period between 11 and 96 months (median = 24 months) after LDLTs due to recurrent HCC (n = 12), cerebral ischemic infarction (n = 1), and pneumonia (n = 1).
Forty-six liver grafts had more than 1 bile duct opening, yielding a total of 190 duct openings from the 140 liver grafts. Among the 46 grafts with multiple bile ducts, 37 underwent ductoplasty to reduce the number of DD anastomoses. Finally, a single DD anastomosis was performed on 131 recipients while 9 patients required double DD anastomoses. The EBSs were NOTE: Data are given as number (%) or mean ± SD or median (range).
inserted into the bile duct during DD anastomoses in 116 recipients (83%). All EBSs were well maintained without complications until removal. Five recipients experienced transient right upper quadrant abdominal pain immediately after removal of the EBS from which they recovered successfully with intravenous hydration, analgesia, and no need for hospitalization.
DEvELOpMENT AND MANAGEMENT OF BCs
A total of 19 out of the 140 recipients (14%) had developed a BC (8 BLs and 16 BSs) at follow-up and all BCs arose within 2 years (2 days-24 months) post-LDLT. The recipients' survival rates did not exhibit differences between those with a BC (n = 19) and those without a BC (n = 121), as shown in Fig. 1B . Of the 19 recipients with a BC, 2 died at 31 and 96 months after the transplantation due to a recurrent HCC and a cerebral infarction, respectively. The perioperative characteristics of the 19 recipients with a BC are described in Table 2 . The 8 BLs occurred at a median of 22 days (range 2-35) after the LDLT. A total of 7 BLs occurred at the anastomosis site and 1 at the parenchymal transection surface. All BLs developed among the patients without EBS. The BLs were successfully managed by percutaneous drainage or endoscopic biliary drainage.
The 16 BSs were diagnosed at the median of 225 days (range 35-720) after the LDLT. All 16 BSs occurred at the DD anastomosis site, and 5 out of the 16 BSs (30%) developed in recipients who had experienced a BL after the LDLT. The time of BS development after a LDLT was significantly shorter in 5 recipients with a BL than in 11 without BLs (median = 175 days, range 53-270 versus median = 345 days, range 35-720, P = 0.02). The BSs completely resolved in all patients by PTBD and serial monthly dilatation of the stricture site. The PTBD dilatation of the BS site was performed for a median of 6 (4-9) times. The overall BL-, BS-, and BC-free survival rates were 94.3%, 88.3%, and 86.1%, respectively (Fig. 2) .
riSK FACTOrS OF BCs
The univariate analysis for risk factors of BL (n = 8) and BS (n = 16) is described in Table 3 . The BLs developed with a significantly higher incidence among the recipients without an EBS than those with an EBS (8/24, 33% versus 0/116, 0%, P < 0.001). Furthermore, the recipients with BSs had significantly different characteristics compared with those without BSs, such as a smaller diameter of the graft's duct (median = 3 mm, range 1-12 mm versus median = 4 mm, range 1-10 mm, Original article | 1055 Univariate and multivariate analyses for the risk factors of BCs (n = 19) are described in Tables 4  and 5 . The univariate analysis revealed that a smaller diameter of the graft's duct (median = 3 mm, range 1-12 mm versus median = 4 mm, range 1-10 mm, P = 0.01), a longer graft's warm ischemic time (51 ± 15 minutes versus 42 ± 12 minutes, P = 0.002), a smaller GRWR (0.84 ± 0.23% versus 0.96 ± 0.2%, P = 0.02), and no use of an EBS (11/19, 58% versus 105/121, 87%) were risk factors for BCs. The multivariate analysis showed that the graft's bile duct diameter ≤ 3 mm (HR = 9.74, P < 0.001) without an EBS (HR = 7.68, P < 0.001) were the independent risk factors for BC development after DD anastomoses using a 7-0 suture in the LDLTs.
FiG. 2.
The complications-free survival curves after LDLT. The overall bile leakage-free (diamond), biliary stricture-free (square), and biliary complications-free (circle) survival rates were 94.3%, 88.3%, and 86.1%, respectively. Original article | 1057
iMpACT OF USiNG AN EBS ON BCs AFTEr LDLTs
Altogether, 11 of 116 (9%) recipients with an EBS (EBS group) developed BCs (no BL and 11 BSs), meanwhile, 8 of 12 (67%) recipients without an EBS (no-EBS group) had BCs (8 BLs and 5 BSs) after LDLT. The incidence of BCs was significantly different between the 2 groups (P = 0.01), and the overall BC-free survival rates were significantly higher in the EBS group than the no-EBS group (90.1% versus 66.7%, P < 0.001), shown in Fig. 3A .
In the comparison of transplant outcomes between the EBS group and no-EBS group, there were statistically significant group differences in some baseline characteristics: the recipient's age, GRWR, actual graft NOTE: Data are given as number (%) or mean ± SD or median (range). Statistical significance was defined as P < 0.05. weight, graft type, cold ischemic time, diameter and number of the graft's bile duct, ductoplasty administration, and the total operation time (Table 6) . After PSM at the 1:1 ratio, the baseline transplant characteristics were equalized in their statistics between the EBS group (n = 24) and the no-EBS group (n = 24). There were statistically significant differences in the BC incidence between 2 groups after the PSM. Only 1 recipient developed BC (4%) in the EBS group, whereas 8 (33%) did in the no-EBS group (P = 0.02). The overall BC-free survival rates were significantly higher in the EBS group than in the no-EBS group (95.8% versus 66.7%, P = 0.01), shown in Fig. 3B .
Discussion
Since Azoulay et al. introduced the surgical principles and reported favorable outcomes of DD anastomoses for LDLTs, the procedure has become the first choice for biliary reconstructions in LDLTs. (15) The advantages of the DD anastomosis over the Roux-Y hepaticojejunostomy include a short operation time, no enteric anastomosis, preservation of the sphincter of Oddi, and the enablement of an endoscopic approach to the graft's biliary tree after liver transplantation. A recent study reported that the Roux-Y biliojejunostomy in liver transplantations could cause early hepatic artery thrombosis, with the mechanism possibly explained by the artery anastomosis' compression through the jejunal limb. (16) For decades of worldwide LDLT experience, BCs followed by DD anastomoses have been reported to decrease in incidence. Well preparation of the vascularized bile ducts is one of the key techniques to prevent BCs after DD anastomosis. The en bloc dissection techniques of the periductal soft tissue including the pericholedochal vasculature are currently universally performed for LDLT. (17, 18) Nevertheless, the incidence of BC hardly seems to reduce to less than 10%-20% after LDLTs, which is why it is considered the "Achilles' heel" of LDLTs. Currently, BCs rarely lead to death, but they are 1 of the most common causes of graft dysfunctions, patients' delayed return to the community, or rehospitalizations after a LDLT.
This study possesses the unique characteristics of a longterm observation with a median of 65 post-LDLT months and the performance of a consistent technique for DD anastomosis using a 7-0 prolene suture. Longterm observations after transplantations are mandatory to accurately evaluate the incidence and the risk factors of BCs because they can occur during both early and late periods after transplantation. Several studies have reported the use of various DD anastomosis techniques in LDLTs. However, all of them used a 6-0 suture, even under microscopic anastomosis. (14, 19, 20) The Kyoto group previously described their technique
FiG. 3. The comparison of BC-free survival rates between the recipients with an EBS (EBS group) and without (no-EBS group). (A)
The overall BC-free survival rates of total 116 EBS group (solid line) were significantly higher than 24 no-EBS group (dotted line) as 90.1% and 66.7%, respectively (P < 0.001). (B) After 1:1 propensity score match, the overall BC-free survival rates of 24 EBS-group (solid line) showed 95.8%, which were significantly different from those of 24 no-EBS group (dotted line, P = 0.01).
Original article | 1059 of DD anastomosis for LDLTs, which included a 7-0 suture use, but the outcomes of the procedure were not reported. (21) To the best of our knowledge, the present study is the first of its kind on longterm outcomes after DD anastomosis using a 7-0 suture in LDLTs, and it contains analyses of many perioperative variables that may have influenced BC development after LDLTs.
A BC after a LDLT usually occurs at the biliary anastomosis site, which was also the case in the present study for 18 out of 19 BCs (1 BL at the cut surface). The BCs at the anastomosis site are mainly associated with anatomical difficulties and/or technical errors followed by ischemic necrosis or a fibrotic stricture. An ideal DD anastomosis should include a surgical technique that avoids luminal narrowing and minimizes the tissues' ischemia inside or between the stitches. Technical errors in DD anastomoses might result from overly deep, thick, tensional, or loose stitches on the bile ducts. Given that an ideal anastomosis technique was applied, a BC can still occur as a consequence of anatomical problems such as too small-sized bile ducts. Nevertheless, some studies reported that anatomical factors were not risk factors for BCs. (9, 22, 23) In these investigations, inherent technical errors might have concealed anatomical risk factors to a degree of being considered negligible. The standardization of surgical procedures and the minimization of operative errors must precede in order to accurately analyze underlying problems. We suggest that the surgical error could be reduced by a fine operative technique using a small-sized 7-0 suture which, in principle, is more size-matched to a small-sized bile duct in LDLTs than conventional 6-0.
It is necessary that the DD anastomoses in LDLTs are performed in a gentle way and a soft approximation NOTES: Data are given as number (%) or mean ± SD or median (range). Statistical significance was defined as P < 0.05.
of the bile ducts with an appropriate depth of the stitches and the tension, because the graft's hepatic duct is usually not larger than 4-5 mm in diameter. The bile duct wall's thinness also poses surgical challenges for DD anastomoses. The conventional 6-0 suture (0.07-0.1 mm in diameter and 11 mm in length of a 3/8 circle needle) might have a needle that is too long and thick for a detailed DD anastomosis in LDLTs.
In our experience, a 7-0 prolene suture (0.05-0.07 mm in diameter and 9.3 mm in length of a 3/8 circle needle) can provide more comfortable suture handling for the precise placement of stitches compared with a 6-0 suture and thus, reduces technical errors in the DD anastomoses of small bile ducts. Our preliminary study reported that the incidence of BSs after LDLTs was significantly reduced by using a 7-0 suture compared with a 6-0 one. (12) The only concern with regard to the use of a 7-0 suture might be the weaker thread strength compared with 6-0 sutures. In this study, all the BLs resolved within a manageable time period after percutaneous drainage or endoscopic retrograde biliary decompression. Furthermore, no anastomosis disruption after using a 7-0 continuous suture has been observed until now for more than a decade. We believe that the 7-0 prolene suture could have enough thread strength for a safe DD anastomosis in LDLTs.
We have chosen a continuous suture rather than an interrupted one in DD anastomosis. Theoretically, a continuous suture is more likely to cause ischemia at the anastomosis sites than an interrupted suture. We, however, considered the fine continuous suture using 7-0 prolene that allows gentle and soft approximation of the bile ducts could compensate such a weakness. Moreover, a continuous suture is less time-consuming and avoids the intraluminal placement of posterior wall suture knots, which can be seen in an interrupted suture technique. In this study, the BL occurred only among the recipients without EBS. We found no use of the EBS to be the sole risk factor for BL after a DD anastomosis in LDLTs. Unlike in hepaticojejunostomy, the intraluminal pressure of the bile duct increases after the DD anastomosis because of the intact sphincter of Oddi. This increased intraductal pressure can play a major role in developing BL through a small defect between stitches in DD anastomosis or an opened small bile duct on the parenchymal cut surface. A T-tube or a microsized EBS was used for decompression of the bile duct's intraluminal pressure for prevention of BL. Unlike the T-tube in a deceased donor liver transplantation, the use of a microsized EBS could effectively prevent BL without causing stent-associated complications. (19, 24) Liu et al. reported that the BL did not increase without use of an EBS in LDLTs, but that the incidence of BSs was as high as 24% for a short median follow-up period of 13 months. (9) We believe that a thick and tight DD anastomosis using a 6-0 suture could reduce BL without an EBS, but that it would increase BSs after LDLTs. To overcome this problem, performing DD anastomoses by shallow stitches using a 7-0 suture with an EBS placement could be an adequate solution. It is possible that the EBS-related complications cause an EBS dislocation or a bile peritonitis after EBS removal. In this study, no EBS dislodgement occurred before removal, but 5 recipients developed a symptomatic local bile peritonitis immediately following the EBS removal. The local peritonitis caused by the EBS removal was self-limited and persisted no longer than 30 minutes. It was well-relieved with regular analgesia. All 5 patients recovered well without the need for hospitalization. It was previously reported that severe bile peritonitis occurred after removal of an EBS at 3 months after a LDLT. (25) The 6 months in our protocol are appropriate for an EBS removal after LDLTs to prevent severe bile peritonitis because the transplant recipients may have delayed abdominal adhesion by their immunosuppressant medication. We believe that microsized EBS-related complications are negligible when the EBS is removed 6 months after the LDLT.
In this study, the risk factors for BSs after LDLTs were a small-sized bile duct, a longer warm ischemic time, and a BL after no use of an EBS. This suggests that EBS use could be effective in preventing BLs and subsequent BSs after DD anastomoses in LDLTs. The nonuse of an EBS was also identified as an independent BC risk factor by the multivariate analysis results. Among the 116 patients with EBS, 11 had BSs (9%) and no BLs, which was markedly less compared with those without an EBS. The comparison between 116 recipients with an EBS and 24 without revealed that the former group had a more complex bile duct anatomy such as a smaller diameter, a multiplicity of the graft's duct, and more ductoplasty performed than the 24 cases without an EBS. With PSM, the perioperative variables regarding BCs after LDLT became equal between the 2 groups and the EBS use for DD anastomoses in LDLTs may have minimized a selection bias ( Table 6 ). The comparison after PSM between the EBS group (n = 24) and the no-EBS group (n = 24) further showed that the EBS group had excellent outcomes of
Original article | 1061 only 1 BS (4.2%) without a BL. We found that the use of an EBS is an effective preventive measure of BCs after DD anastomoses with fine 7-0 sutures. The present study may have some limitations of nonrandomized and retrospective analysis. Nonetheless, the results of this study suggest that the 7-0 suture provides an elaborate surgical technique for DD anastomoses, which should be considered the surgical technique of choice in LDLT by using 7-0 sutures with small-sized EBSs. It has become our routine procedure of the DD anastomosis for all types of the LDLT graft.
In conclusion, BC after LDLT is still a subject of interest among liver transplant surgeons, and multiple measures that were found to be effective to ameliorate surgical outcomes of BCs should be taken into account. This study showed that 7-0 sutures with the placement of an EBS for DD anastomosis resulted in favorable longterm outcomes after LDLT. To minimize BCs after LDLT, the DD anastomosis should be considered to be performed using 7-0 suture with an EBS.
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